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$EVWUDFW ? ?
7KHSKHQRPHQRQRIYRUWH[LQGXFHGPRWLRQ9,0LVDFULWLFDOLVVXHIRUFROXPQW\SHGHHSZDWHU ? ?
SODWIRUPV$VUHJDUGVWRGHHSGUDIWVHPLVXEPHUVLEOHV''6HYHQWKRXJK9,0LVPDLQO\H[FLWHG ? ?
E\ YRUWH[ VKHGGLQJ DURXQG FROXPQV WKH ODUJHYROXPH SRQWRRQV EHQHDWK WKH FROXPQV DUH DOVR ? ?
UHVSRQVLEOHIRU WKHZDNHLQWHUIHUHQFH LPSO\LQJDQRQQHJOLJLEOHLQIOXHQFHRQ9,0EHKDYLRU$Q ? ?
H[SHULPHQWDO VWXG\ DQG WKUHHGLPHQVLRQDO QXPHULFDO VLPXODWLRQVZHUHSHUIRUPHG WR DQDO\]H WKH ? ?
SRQWRRQHIIHFWRQWKH9,0RIWZRVHPLVXEPHUVLEOHVDQGDIRXUFROXPQVWUXFWXUH7KHQXPHULFDO ? ?
UHVXOWV DFTXLUHG XVLQJ 'HWDFKHG (GG\ 6LPXODWLRQ '(6 DUH LQ JRRG DJUHHPHQW ZLWK WKH ? ?
H[SHULPHQWDO PHDVXUHPHQWV REWDLQHG IURP WKH WRZLQJ PRGHO WHVWV 7KH SUHVHQW LQYHVWLJDWLRQV ? ?
LQGLFDWHWKDWWKHUHVRQDQWSKHQRPHQRQLVREVHUYHGIRUDOOFRQILJXUDWLRQV+RZHYHUWKHSUHVHQFHRI ? ?
SRQWRRQVGHOD\VWKHRQVHWRI9,0WRDKLJKHUUHGXFHGYHORFLW\LQWKHFDVHVRIWKHIRXUSRQWRRQ''6 ? ?
 
 ?&RUUHVSRQGLQJDXWKRU7HO)D[(PDLODGGUHVV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
$GGLWLRQDOO\ WKH IRXUFROXPQ VWUXFWXUH ZLWK QR SRQWRRQV VKRZV WKH PRVW VLJQLILFDQW WUDQVYHUVH ?
UHVSRQVHVDQG\DZPRWLRQVDWERWKDQGLQFLGHQFHVRZLQJWRWKHODUJHVWIOXFWXDWLQJOLIWIRUFHV ?
LQGXFHGE\WKHZHOOHVWDEOLVKHGZDNH7KHGRPLQDQWIUHTXHQF\RIWKHGUDJIRUFHIRUWKH''6ZLWK ?
WZRSRQWRRQVPDWFKHVWKDWRIWKHOLIWIRUFHDWDLQFLGHQFHOHDGLQJWRDQLQFUHDVHLQWKHLQOLQH ?
UHVSRQVH ?
.H\ZRUGV9RUWH[LQGXFHGPRWLRQ'HHSGUDIWVHPLVXEPHUVLEOH([SHULPHQWDOVWXG\1XPHULFDO ?
VLPXODWLRQ3RQWRRQHIIHFW ?
 ,QWURGXFWLRQ ?
7KH VHPLVXEPHUVLEOH SODWIRUP LV RQH RI WKH PRVW UHOLDEOH DQG FRVW HIIHFWLYH VWUXFWXUHV IRU ?
RIIVKRUHRLODQGJDVH[SORUDWLRQLQGHHSZDWHU'HHSGUDIWVHPLVXEPHUVLEOH''6FRQFHSWVDUH ? ?
NQRZQ IRU WKHLU LPSURYHG YHUWLFDO PRWLRQ FKDUDFWHULVWLFV FRPSDUHG WR FRQYHQWLRQDO VHPL ? ?
VXEPHUVLEOHV LQ ZDYH HQYLURQPHQWV RZLQJ WR WKH UHGXFHG ZDYH H[FLWLQJ IRUFHV DFWLQJ RQ WKH ? ?
SRQWRRQVWUXFWXUHDQGLQFUHDVHGKHDYHQDWXUDOSHULRG+RZHYHUVLJQLILFDQWYRUWH[LQGXFHGPRWLRQ ? ?
9,0 RIWHQRFFXUV LQ WKHGHHSGUDIW VHPLVXEPHUVLEOH SODWIRUPDVREVHUYHG RQ VSDUSODWIRUPV ? ?
ZKLFKFDQFDXVHGDPDJLQJIDWLJXHVWUHVVHVRQWKHULVHUDQGPRRULQJV\VWHPVDQGKLJKHUPRRULQJ ? ?
ORDGVIRUWKHRYHUDOOSODWIRUPDVUHSRUWHGE\6DJULORHWDO ? ?
$QXPEHURIVWXGLHVRQWKH9,0EHKDYLRURIVSDUDQGPRQRFROXPQSODWIRUPVKDYHEHHQUHSRUWHG ? ?
XVLQJERWKPRGHOWHVWVDQGQXPHULFDOVFKHPHVIRFXVLQJRQWKHPRWLRQFKDUDFWHULVWLFVWKHH[FLWDWLRQ ? ?
FXUUHQW IRUFHV DQG WKH LQIOXHQFH RI YDULRXV UHOHYDQW DVSHFWV VXFK DV WKH KXOO JHRPHWU\ DQG ? ?
DSSHQGDJHVSUHVHQFHRIZDYHVGUDIWFRQGLWLRQVDQGPRWLRQVXSSUHVVRU+XDQJHWDODQG ? ?
<XQJHWDOLQWURGXFHGSLRQHHULQJGLVFXVVLRQVRQWKHLPSRUWDQFHRIKHDGLQJVLQUHODWLRQWR ? ?


WKH9,0SHUIRUPDQFHRIDVSDUSODWIRUP7KLV LQIOXHQFH LVGLUHFWO\UHODWHG WR WKHSRVLWLRQRI WKH ?
DSSHQGDJHV IDLUOHDGV DQG FKDLQV RQ WKH KXOO YDQ 'LMN HW DO  DQG ,UDQL DQG )LQQ  ?
UHSRUWHGWKDWZDYHVKDYHDOVRHIIHFWRQ9,0RIDVSDU,QWKHVDPHVHQVH)LQQLJDQHWDO ?
SUHVHQWHG WKH ILUVW UHVXOWV UHJDUGLQJ WUXVV VSDU9,0 LQ WKH VLPXOWDQHRXV SUHVHQFH RI ZDYHV DQG ?
FXUUHQWZKLFKVKRZHGWKDWZDYHVLQOLQHZLWKWKHFXUUHQWGLUHFWLRQJHQHUDOO\UHGXFH9,0UHVSRQVH ?
*RQoDOYHVHWDOEFDUULHGRXWDEDWWHU\RI9,0WHVWVRQDPRQRFROXPQSODWIRUPWRHYDOXDWH ?
WKHHIIHFWRIGUDIWFRQGLWLRQVDQGH[WHUQDOGDPSLQJ7KHUHVXOWVVKRZHGWKDWUHGXFLQJWKHLPPHUVHG ?
SRUWLRQRIWKHFROXPQFDXVHGDODUJHPLWLJDWLRQLQWKH9,0UHVSRQVHDQGWKHVDPHFRQFOXVLRQFDQ ?
EHIRXQGLQWKHVWXG\RQ9,9SKHQRPHQRQRIORZDVSHFWUDWLRF\OLQGHUVGHVFULEHGE\*RQoDOYHVHW ?
DOD,QWKHDWWHPSWWRVXSSUHVVWKH9,0VHULRXVHIIRUWKDVEHHQPDGHRQVWUDNHGHYHORSPHQWV ? ?
ILWWHGWRWKHPRQRDQGPXOWLFROXPQSODWIRUPV)LQQHWDO,UDQLDQG)LQQDQG:DQJ ? ?
HWDO7KHVHH[SHULPHQWDOZRUNVLQGLFDWHGWKDWVWUDNHVFDQEHDJRRGVROXWLRQIRUPLQLPL]LQJ ? ?
WKH9,0UHVSRQVHRIVSDUVEXWWKH\QHHGWREHFDUHIXOO\GHVLJQHGDQGWHVWHGIRUHDFKSDUWLFXODU ? ?
SODWIRUP2QWKHRWKHUKDQG2DNOH\DQG&RQVWDQWLQLGHVDQG:DQJHWDOSRLQWHGRXW ? ?
WKDWWKHXVHRI&RPSXWDWLRQDO)OXLG'\QDPLFV&)'ZDVDUHDVRQDEOHDOWHUQDWLYHIRUVHOHFWLQJWKH ? ?
SURSHUFRQILJXUDWLRQVRIVWUDNHVLQWHUPVRITXDQWLWDWLYHDQDO\VLV ? ?
7KH JHRPHWU\ RI VHPLVXEPHUVLEOHV LH PXOWLFROXPQ DQG PXOWLSRQWRRQ LPSOLHV D PRUH ? ?
FRPSOH[9,0SKHQRPHQRQWKDQWKDWRIVLQJOHF\OLQGULFDOVWUXFWXUHVVXFKDVVSDUDQGPRQRFROXPQ ? ?
SODWIRUPV7KH FRQILUPHG SUHVHQFHRI9,0 RQGHHSGUDIW VHPLVXEPHUVLEOHV ZDV IRXQG LQ ILHOG ? ?
PHDVXUHPHQWVE\5LMNHQDQG/HYHUHWWHDQG0DHWDO:DDOVHWDOSHUIRUPHG ? ?
9,0WHVWVRQERWKVHPLVXEPHUVLEOHVDQGWHQVLRQOHJSODWIRUPV7/3VWRH[DPLQHWKHLQIOXHQFHV ? ?
RIWKHPDVVUDWLRGUDIWFRQGLWLRQVDQGSRQWRRQV7KH7/3PRGHOVKRZHGDZLGHUUDQJHRIKLJK ? ?


DPSOLWXGHUHVSRQVHLQWKHWUDQVYHUVHGLUHFWLRQRZLQJWRDORZHUPDVVUDWLRIXUWKHUPRUHVLJQLILFDQW ?
\DZDPSOLWXGHVZKLFKZHUHQRWWKRURXJKO\GLVFXVVHGLQWKH9,0VWXGLHVRQF\OLQGULFDOSODWIRUPV ?
ZHUHREVHUYHG IRUPXOWLFROXPQIORDWHUV$VHDNHHSLQJPRGHO WHVWRID''6ZDVFDUULHGRXWE\ ?
+RQJHWDOWRDVVHVVLWVJOREDOPRWLRQSHUIRUPDQFHLQZLQGZDYHDQGFXUUHQWHQYLURQPHQWV ?
$OWKRXJKWKHWHVWZDVQRWVSHFLILFDOO\IRUWKH9,0RIWKH''6PRGHOLWZDVREVHUYHGWKDWD''6 ?
ZLWKGHHSHUGUDIWH[SHULHQFHVPRUHVLJQLILFDQW9,0ZLWKSUHGLFWDEOHRVFLOODWLRQSHULRGDQGWKH9,0 ?
DPSOLWXGHLQVWURQJFXUUHQWWHQGVWREHODUJHUWKDQWKDWIRUWKHFRPELQDWLRQRIFXUUHQWVDQGZDYHV ?
5LMNHQ DQG /HYHUHWWH  H[SHULPHQWDOO\ LQYHVWLJDWHG WKH 9,0 UHVSRQVHV RI D ''6 LQ WKH ?
SUHVHQFHRI D IDWLJXH VHD VWDWH DQG VXSSRUWHGE\D V\VWHPZLWK LQFUHDVHG VZD\GDPSLQJZKLFK ?
GHOD\HGWKHRQVHWRI9,0WRDKLJKHUUHGXFHGYHORFLW\$GGLWLRQDOO\5LMNHQHWDODQDO\]HG ? ?
WKHHIIHFWVRID6&5V\VWHPDQGKXOODSSXUWHQDQFHVRQWKH9,0EHKDYLRURID''6ZLWKVTXDUH ? ?
FROXPQVDQGREVHUYHGWKHGLIIHUHQFHVLQ9,0UHVSRQVHEHWZHHQPRGHOWHVWVDQGILHOGREVHUYDWLRQV ? ?
2QO\DSSXUWHQDQFHVORFDWHGRQWKHYHUWLFDOIDFHVRIWKHFROXPQDQGDERYHWKHSRQWRRQOHYHODSSHDUV ? ?
WRDOWHUWKH9,0UHVSRQVH,QWKHVDPHOLQHRIUHVHDUFK*RQFDOYHVHWDOSHUIRUPHGD ? ?
VHULHVRI9,0WHVWVRQDVHPLVXEPHUVLEOHWRYHULI\WKHLQIOXHQFHVRIUHOHYDQWIDFWRUVVXFKDVWKH ? ?
FXUUHQWLQFLGHQFHDQJOHKXOODSSHQGDJHVGUDIWFRQGLWLRQH[WHUQDOGDPSLQJDQGVXUIDFHZDYHV ? ?
)XUWKHUPRUH5LMNHQH[DPLQHGWKHLQIOXHQFHVRIPDVVUDWLRVVFDOHDQGFROXPQVKDSHVRQ ? ?
WKH 9,0 SHUIRUPDQFH RI D VHPLVXEPHUVLEOH WKURXJK &)' DQDO\VLV DQG VWDWHG WKDW WKH WZR ? ?
GLPHQVLRQDO 'QXPHULFDOVLPXODWLRQIDLOHG WRDFFXUDWHO\PRGHO WKH9,0UHVSRQVH7DQHWDO ? ?
GLVFXVVHGLQGHWDLOWKHQXPHULFDOPHWKRGRORJ\IRU9,0VWXG\RIDPXOWLFROXPQIORDWHUDQG ? ?
SURSRVHG VRPH SDUDPHWHUV WR LPSURYH WKH VLPXODWLRQ DFFXUDF\ ,W LV UHYHDOHG WKDW WKH EHWWHU ? ?
DJUHHPHQWEHWZHHQQXPHULFDOUHVXOWVDQGFRUUHVSRQGLQJH[SHULPHQWDOUHVXOWVFDQEHDFKLHYHGIRU ? ?


KLJKHUUHGXFHGYHORFLWLHV.LPHWDODQG/HHHWDODOVRHPSOR\HG&)'PHWKRGWR ?
LQYHVWLJDWHWKH9,0SKHQRPHQRQRIVHPLVXEPHUVLEOHSODWIRUPV ?
9,0RIDVHPLVXEPHUVLEOHLVLQGXFHGE\WKHIOXFWXDWLQJK\GURG\QDPLFIRUFHVVWHPPLQJIURP ?
WKH DOWHUQDWLQJ HGGLHVRU YRUWLFHV VKHG GRZQVWUHDP IURP RQH VLGH WR WKH RWKHURI HDFKSODWIRUP ?
FROXPQ 7KXV WKH IORZ LQWHUIHUHQFH RI PXOWLF\OLQGHU DUUD\V LV YLWDO LQ XQGHUVWDQGLQJ WKH 9,0 ?
EHKDYLRU RI VHPLVXEPHUVLEOHV VXEMHFW WR FXUUHQWV =GUDYNRYLFK  GLVFXVVHG WKH HIIHFWV RI ?
LQWHUIHUHQFHEHWZHHQFLUFXODUF\OLQGHUVZLWKGLIIHUHQWDUUD\FRQILJXUDWLRQVLQFURVVIORZDQGODWHU ?
WKHIORZLQWHUIHUHQFHEHWZHHQIRXUHTXDOO\VSDFHGF\OLQGHUVZDVUHSRUWHGE\6D\HUV ?
,QDGGLWLRQ/DPDQG/RDQG/DPDQG)DQJHPSOR\HGG\HLQMHFWLRQYLVXDOL]DWLRQWR ?
REWDLQ WKH IORZ SDWWHUQ RI IRXU HTXLVSDFHG F\OLQGHUV 6XEVHTXHQWO\ /DP HW DO D E ? ?
FRQGXFWHGIXUWKHUWHVWVWRREWDLQ6WURXKDOQXPEHUDQGIRUFHFRHIILFLHQWVIRUHDFKF\OLQGHU5HFHQWO\ ? ?
/LXHWDODESHUIRUPHGH[SHULPHQWDODQGQXPHULFDOLQYHVWLJDWLRQVRQH[FLWDWLRQORDGV ? ?
DQGIORZSDWWHUQVDURXQGIRXUFLUFXODUVHFWLRQFROXPQVDQGIRXUVTXDUHVHFWLRQFROXPQVLQDVTXDUH ? ?
FRQILJXUDWLRQ7KHPDLQILQGLQJVRIWKHVHZRUNVLQGLFDWHGWKDWWKHXSVWUHDPFROXPQVZHUHVXEMHFWHG ? ?
WR KLJKHU PHDQ GUDJ IRUFHV WKDQ WKH GRZQVWUHDP RQHV ZKLOH WKH GRZQVWUHDP FROXPQV XVXDOO\ ? ?
H[SHULHQFHGODUJHUIOXFWXDWLQJIRUFHVGXHWRXQVWHDG\ZDNHYRUWLFHVIURPWKHXSVWUHDPRQHV ? ?
,QWKHFDVHRIVHPLVXEPHUVLEOHSODWIRUPVWKHZDNHLQWHUIHUHQFHGRPLQDWHV9,0UHVSRQVH$V ? ?
FKDUDFWHULVWLFFRPSRQHQWVERWKFROXPQVDQGSRQWRRQVFRQWULEXWHWRFRPSOH[ZDNHLQWHUIHUHQFHDQG ? ?
WKXVKDYHVLJQLILFDQWHIIHFWVRQWKH9,0RIVHPLVXEPHUVLEOHV+RZHYHU IHZVWXGLHVKDYHEHHQ ? ?
SXEOLVKHGFRQFHUQLQJWKHFRUUHVSRQGLQJLQIOXHQFHVRIWKHSRQWRRQVLQFOXGLQJWKHIOXLGSK\VLFVLQ ? ?
WHUPV RI WKH LQWHUDFWLRQ EHWZHHQ WKH PXOWLSOH YRUWH[ VKHGGLQJ SURFHVVHV DQG9,0 EHKDYLRU7R ? ?
DGGUHVVWKLVNQRZOHGJHJDSWRZLQJWHVWVZHUHFDUULHGRXWWRLQYHVWLJDWHWKH9,0SHUIRUPDQFHRI ? ?


''6VZLWKIRXUSRQWRRQVWZRSRQWRRQVDQGQRSRQWRRQVLQRUGHUWRFRPSDUDWLYHO\DQDO\]HWKH ?
LQIOXHQFHRIWKHSRQWRRQV:LWKWKHREMHFWLYHRIFDSWXULQJWKHGHWDLOHG'YRUWH[VWUXFWXUHVDQG ?
REWDLQLQJIXOOILHOGLQVWDQWDQHRXVSK\VLFDOLQIRUPDWLRQIORZLQGXFHGPRWLRQVLPXODWLRQVRIVHPL ?
VXEPHUVLEOHVZHUHSHUIRUPHGXVLQJ&)'7KHVHWZRPHWKRGVLHPRGHOWHVWVDQG&)'FDQLGHDOO\ ?
VHUYHDVFURVVYDOLGDWLRQWRROVIRUYHULI\LQJUHPDLQLQJXQFHUWDLQWLHV ?
 ?
1RPHQFODWXUH ? ܣ௣ VXEPHUJHGSURMHFWHGDUHD ? ܣ௫ PRWLRQDPSOLWXGHLQWKHLQOLQHGLUHFWLRQ ? ܣ௬ PRWLRQDPSOLWXGHLQWKHWUDQVYHUVHGLUHFWLRQ ? ? ܣ௬௔௪ \DZPRWLRQDPSOLWXGH ? ?
B KXOOZLGWK ? ?
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0 2 4 6 8 10 12 14 16
0
0.2
0.4
0.6
0.8
1
1.2
(a) 0◦
Ur
N
o
m
in
a
l
A
y
/
L
 
 
Exp.: 4 pontoons
Exp.: 2 pontoons
Exp.: no pontoons
CFD: 4 pontoons
CFD: 2 pontoons
CFD: no pontoons
0 2 4 6 8 10 12 14 16
0
0.2
0.4
0.6
0.8
1
1.2
(b) 45◦
Ur
N
o
m
in
a
l
A
y
/
L
 
 
Exp.: 4 pontoons
Exp.: 2 pontoons
Exp.: no pontoons
CFD: 4 pontoons
CFD: 2 pontoons
CFD: no pontoons


WUDQVYHUVHGLUHFWLRQ ?
 ?
)LJ/LIWIRUFHFRHIILFLHQWIRUWKHWKUHHGLIIHUHQWFRQILJXUDWLRQVDWDLQFLGHQFH ?
)LJSUHVHQWVWKHWLPHKLVWRU\DQGUHVXOWVRIVSHFWUDODQDO\VLVYLD))7IRUWKHPRWLRQLQWKH ?
WUDQVYHUVHGLUHFWLRQDQGWKHOLIWIRUFHFRHIILFLHQWRIWKH''6ZLWKIRXUSRQWRRQVDWDLQFLGHQFH ?
7KH WLPH VFDOH LV DWPRGHO VFDOH DQG WKH LQLWLDO WUDQVLHQWGDWDKDVEHHQ UHPRYHG WRSURFHVV WKH ?
VWDWLVWLFV ?
,WFDQEHVHHQWKDWWKHPRWLRQVV\QFKURQL]HZLWKWKHOLIWIRUFHFRHIILFLHQWVIRUGLIIHUHQWUHGXFHG ?
YHORFLWLHV7KLV FRUURERUDWHV WKDW WKH IOXFWXDWLQJ WUDQVYHUVH OLIW IRUFH JRYHUQV WKH PRWLRQ LQ WKH ?
WUDQVYHUVH GLUHFWLRQ )RU ͷ ൏ ௥ܷ ൏ ͺ LH )LJ E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 WKH PRWLRQV VKRZ WKH ODUJHVW ? ?
DPSOLWXGHVZLWKZHOOGHILQHGRVFLOODWLRQ IUHTXHQFLHV$GGLWLRQDOO\ WKHGRPLQDQW IUHTXHQFLHV DUH ? ?
DURXQGWKHQDWXUDOIUHTXHQF\RIWUDQVYHUVHPRWLRQLQFDOPZDWHU ଴݂ZKLFKFRQILUPVWKHUHVRQDQFH ? ?
EHKDYLRUORFNLQIRUWKHWUDQVYHUVHPRWLRQLQWKLVUDQJHRIUHGXFHGYHORFLWLHV)LJDVKRZV ? ?
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DQDO\VLV IRU WKH SRVWORFNLQ VFHQDULR 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)LJ7LPHKLVWRU\DQGVSHFWUDODQDO\VLVIRUWKHPRWLRQLQWKHWUDQVYHUVHGLUHFWLRQDQGWKHOLIW ?
IRUFHFRHIILFLHQWRIWKH''6ZLWKIRXUSRQWRRQVDWDLQFLGHQFH ?
,QWKHVDPHZD\WKHWLPHKLVWRU\DQGUHVXOWVRIVSHFWUDODQDO\VLVIRUWKH''6ZLWKWZRSRQWRRQV ?
DQG WKH IRXUFROXPQ VWUXFWXUH ZLWK QR SRQWRRQV DUH VKRZQ LQ )LJV  DQG  UHVSHFWLYHO\ ?
6\QFKURQL]DWLRQUHJLRQVRIWKHWUDQVYHUVHPRWLRQDUHDOVRREVHUYHGIRUWKHVHWZRFRQILJXUDWLRQVDV ?
LGHQWLILHG LQ WKHFDVHRI WKH IRXUSRQWRRQ''6+RZHYHU ODUJHDPSOLWXGHPRWLRQVFRQFHQWUDWHG ?
DURXQGWKHUHVSHFWLYHWUDQVYHUVHQDWXUDOIUHTXHQFLHVFDQEHVHHQIRUWKH''6ZLWKWZRSRQWRRQVDW ? ?
௥ܷ ൌ ͵Ǥͻ͹ DQGIRUWKHIRXUFROXPQVWUXFWXUHDW ௥ܷ ൌ ͵ǤͻͻDVSUHVHQWHGLQ)LJVDDQGD ? ?
UHVSHFWLYHO\7KHUHVRQDQFHSKHQRPHQRQIRU WKHVH WZRFRQILJXUDWLRQVVHHPVWRRFFXUDWD ORZHU ? ?
UHGXFHGYHORFLW\LQFRPSDULVRQZLWKWKHIRXUSRQWRRQ''6LQGLFDWLQJWKDWWKHSUHVHQFHRISRQWRRQV ? ?
GHIHUV9,0EHKDYLRUXQWLOUHDFKLQJDKLJKUHGXFHGYHORFLW\0RUHRYHUWKHIRXUFROXPQVWUXFWXUH ? ?
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UHVSRQVHV ?
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)LJ7LPHKLVWRU\DQGVSHFWUDODQDO\VLVIRUWKHPRWLRQLQWKHWUDQVYHUVHGLUHFWLRQDQGWKHOLIW ?
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)LJ7LPHKLVWRU\DQGVSHFWUDODQDO\VLVIRUWKHPRWLRQLQWKHWUDQVYHUVHGLUHFWLRQDQGWKHOLIW ?
IRUFHFRHIILFLHQWRIWKHIRXUFROXPQVWUXFWXUHZLWKQRSRQWRRQVDWDLQFLGHQFH ?
 5HVSRQVHLQWKHLQOLQHGLUHFWLRQ ?
)LJ  SUHVHQWV WKH QRUPDOL]HG PRWLRQ DPSOLWXGHV LQ WKH LQOLQH GLUHFWLRQ IRU GLIIHUHQW ?
FRQILJXUDWLRQVREWDLQHGIURPWKHPRGHOWHVWVDQGQXPHULFDOVLPXODWLRQV7KHVHPLVXEPHUVLEOHVDQG ?
WKHIRXUFROXPQVWUXFWXUHH[SRVHGWRDVWHDG\FXUUHQWDUHVXEMHFWHGWRLQOLQHGUDJIRUFHV7KHUHIRUH ?
WKHLQOLQHPRWLRQDSSHDUVDWDQHZHTXLOLEULXPORFDWLRQDZD\IURPWKHK\GURVWDWLFSRVLWLRQWKDW ?
GHSHQGVRQGUDJIRUFHV2EYLRXVO\WKHPRWLRQVLQWKHLQOLQHGLUHFWLRQDUHOHVVVLJQLILFDQWZLWKPXFK ?
VPDOOHUPDJQLWXGHFRPSDUHGWRWKHUHVSRQVHLQWKHWUDQVYHUVHGLUHFWLRQ$FFRUGLQJWRWKHVHUHVXOWV ? ?
WKH PRWLRQ DPSOLWXGHV LQ WKH LQOLQH GLUHFWLRQ WHQG WR LQFUHDVH VOLJKWO\ ZLWK WKH LQFUHDVH LQ WKH ? ?
UHGXFHGYHORFLW\DWDLQFLGHQFH7KHLQOLQHPRWLRQDPSOLWXGHDOVRSUHVHQWVDQXSZDUGWUHQGDWD ? ?
LQFLGHQFHEXWDODUJHUDPSOLWXGHRI ܣ௫Ȁܮ ൎ ͲǤʹ LQ ͸ ൏ ௥ܷ ൏ ͺ LVIRXQGIRUWKH''6ZLWK ? ?
WZRSRQWRRQVZKLFKPD\EHDWWULEXWHGWRWKHSUHVHQFHRIDV\PPHWULFSRQWRRQV ? ?
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)LJ1RQGLPHQVLRQDODPSOLWXGHVRIWKHPRWLRQLQWKHLQOLQHGLUHFWLRQIRUWKHWKUHHGLIIHUHQW ?
FRQILJXUDWLRQVDWDQGLQFLGHQFHV ?
,QRUGHUWREHWWHUXQGHUVWDQGWKHUHVSRQVHLQWKHLQOLQHGLUHFWLRQH[DPSOHVRIVSHFWUDODQDO\VLV ?
IRU WKH PRWLRQ LQ WKH LQOLQH GLUHFWLRQ DQG WKH GUDJ IRUFH FRHIILFLHQW RI WKH WKUHH GLIIHUHQW ?
FRQILJXUDWLRQVDWDLQFLGHQFHDUHSUHVHQWHGLQ)LJV,QFRPSDULVRQWRWKHUHVSRQVHLQWKH ?
WUDQVYHUVHGLUHFWLRQ WKHPRWLRQ LQ WKH LQOLQHGLUHFWLRQ LQYROYHVGLYHUVHFRPSRQHQWV DQG VKRZV ?
PRUHUDQGRPFKDUDFWHULVWLFV0RUHRYHUWKHLQOLQHFKDUDFWHULVWLFDPSOLWXGHVDUHUDWKHUVPDOORZLQJ ?
WRGUDJ IRUFHVRVFLOODWLQJ LQDQHJOLJLEO\VPDOO UDQJH+RZHYHU WKHG\QDPLFGUDJ IRUFHVPDLQO\ ?
RFFXUDURXQGIUHTXHQFLHVWZLFHWKRVHRIWKHUHVSHFWLYHOLIWIRUFHRVFLOODWLQJIUHTXHQFLHVHVSHFLDOO\ ? ?
IRUWKH''6ZLWKIRXUSRQWRRQVDQGWKHIRXUFROXPQVWUXFWXUHDW ௥ܷ ൏ ͳͲZKLFKDUHLQDFFRUGDQFH ? ?
ZLWK LQYHVWLJDWLRQV LQWR IORZ DURXQG F\OLQGULFDO VWUXFWXUHV VHH 6XPHU DQG )UHGV¡H  ,W LV ? ?
LPSRUWDQWWRKLJKOLJKWWKDWIRUWKH''6ZLWKWZRSRQWRRQVDW ௥ܷ ൏ ͳͲWKHLQOLQHPRWLRQVDQGWKH ? ?
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YHORFLWLHV7KHUHIRUHLQWKHV\QFKURQL]DWLRQUDQJHRIWKHWUDQVYHUVHUHVSRQVHWKHPRWLRQLQWKHLQ ? ?
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 <DZUHVSRQVH ?
)LJVKRZVQRPLQDO\DZDPSOLWXGHVIRUWKHWKUHHGLIIHUHQWFRQILJXUDWLRQV$VLPLODUWUHQGDQG ?
DSSUR[LPDWHDPSOLWXGHVLQWKH\DZUHVSRQVHFDQEHIRXQGIRUDOOFRQILJXUDWLRQVDWDLQFLGHQFH ?
EXWWKH\DZDPSOLWXGHVRIWKHIRXUFROXPQVWUXFWXUHDUHVOLJKWO\ODUJHU7KH\DZDPSOLWXGHVUHDFK ?
SHDN YDOXHV EHWZHHQ  DQG  LQ WKH UDQJH RI ͷ ൏ ௥ܷ ൏ ͺ IRU DOO FRQILJXUDWLRQV DQG WKHQ ?
GHFUHDVHVKDUSO\7KLVREVHUYDWLRQFRQILUPVWKHH[LVWHQFHRIUHVRQDQWSKHQRPHQRQRQ\DZUHVSRQVH ?
$FFRUGLQJWRWKHVHUHVXOWVWKHSUHVHQFHRISRQWRRQVDSSHDUVWRKDYHRQO\DVPDOOHIIHFWRQWKH\DZ ?
PRWLRQDWDLQFLGHQFH ?
+RZHYHUWKHSRQWRRQVH[HUWDPRUHQRWLFHDEOHLQIOXHQFHIRUWKHLQFLGHQFH7KHIRXUFROXPQ ?
VWUXFWXUHZLWKQRSRQWRRQVVKRZVWKHODUJHVW\DZDPSOLWXGHV$GGLWLRQDOO\WKH\DZPRWLRQVRIWKH ? ?
IRXUFROXPQVWUXFWXUH IRUDQGLQFLGHQFHVDUHVLPLODU LQERWK WUHQGVDQGYDOXHV UHDFKLQJ ? ?
WKHLUPD[LPDLQ ͷ ൏ ௥ܷ ൏ ͺ$VLPLODUWUHQGRI\DZPRWLRQZLWKVPDOOHUDPSOLWXGHVLVREVHUYHG ? ?
IRU WKH ''6 ZLWK WZR SRQWRRQV DW D LQFLGHQFH7KH \DZ DPSOLWXGHV RI WKH ''6 ZLWK IRXU ? ?
SRQWRRQVDWWKHLQFLGHQFHVKRZDJUDGXDOLQFUHDVHXQWLO ௥ܷ ൐ ͺDQGWKHQUHPDLQDWDVWDEOH ? ?
OHYHO7KHIOXFWXDWLQJPRPHQWWKRXJKQRWSUHVHQWHGKHUHRZLQJWRGLIIHUHQWYDOXHVRIGUDJDQGOLIW ? ?
IRUFHVIRUHDFKFROXPQDQGSRQWRRQLVOLNHO\UHVSRQVLEOHIRUWKH\DZPRWLRQ)XUWKHUUHVHDUFKLV ? ?
UHTXLUHGWREHWWHUXQGHUVWDQGWKHLQIOXHQFHRISRQWRRQVRQWKH\DZUHVSRQVH ? ?
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)LJ<DZFKDUDFWHULVWLFDPSOLWXGHVIRUWKHWKUHHGLIIHUHQWFRQILJXUDWLRQVDWDQG ?
LQFLGHQFHV ?
([DPSOHVRIVSHFWUDODQDO\VLVIRUWKH\DZPRWLRQRIWKHWKUHHGLIIHUHQWFRQILJXUDWLRQVDWD ?
LQFLGHQFHDUHSUHVHQWHGLQ)LJV7KH\DZUHVSRQVHVRIVHPLVXEPHUVLEOHVLQWKHUDQJH Ͷ ൑ ?
௥ܷ ൏ ͺ DUH SHULRGLF EXW OHVV UHJXODU LQ FRPSDULVRQ ZLWK WKH WUDQVYHUVH PRWLRQV7KH GRPLQDQW ?
IUHTXHQFLHV DUH DURXQG WKH UHVSHFWLYH QDWXUDO IUHTXHQFLHV RI WKH \DZ PRWLRQ  ଴݂௬ ZKLFK ?
FRUURERUDWHV WKH UHVRQDQFH EHKDYLRU IRU WKH \DZ PRWLRQ RI VHPLVXEPHUVLEOHV LQ WKLV UDQJH RI ?
UHGXFHGYHORFLWLHV,QFRQWUDVWWKHIRXUFROXPQVWUXFWXUHVKRZVPRUHSHULRGLF\DZUHVSRQVHZLWK ?
ODUJHU DPSOLWXGHV LQ WKH VDPH UDQJH DQG WKH \DZ PRWLRQV DUH FRQFHQWUDWHG DURXQG WKH QDWXUDO ?
IUHTXHQF\RIWKH\DZUHVSRQVHLQVWLOOZDWHU7KLVIDFWDOVRFRQILUPVWKHUHVRQDQFHSKHQRPHQRQIRU ? ?
WKH\DZPRWLRQRIWKHIRXUFROXPQVWUXFWXUH,WLVHYLGHQWWKDWWKHOHYHORILUUHJXODULW\LQFUHDVHDV ? ?
௥ܷ LQFUHDVHV)RUKLJKHU ௥ܷWKH\DZUHVSRQVHVRIDOOFRQILJXUDWLRQVDUHLUUHJXODULHQRGRPLQDQW ? ?
IUHTXHQF\FDQEHGHILQHG ? ?
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)LJ6SHFWUDODQDO\VLVIRUWKH\DZPRWLRQRIWKH''6ZLWKIRXUSRQWRRQVDWDLQFLGHQFH ? ?
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)LJ6SHFWUDODQDO\VLVIRUWKH\DZPRWLRQRIWKHIRXUFROXPQVWUXFWXUHZLWKQRSRQWRRQVDWD ?
LQFLGHQFH ?
 0RWLRQWUDMHFWRU\LQWKHXYSODQH ?
7KHPRWLRQWUDMHFWRULHVLQWKHXYSODQHDUHSORWWHGLQ)LJVLQRUGHUWREHWWHUXQGHUVWDQG ?
9,0EHKDYLRUVRIWKHVHPLVXEPHUVLEOHVDQGWKHIRXUFROXPQVWUXFWXUHUHVSHFWLYHO\6LQFHWKHJRRG ?
DJUHHPHQW KDV EHHQ VKRZQ LQ WKH H[SHULPHQWDO DQG QXPHULFDO UHVXOWV RQO\ PRWLRQ WUDMHFWRULHV ?
REWDLQHGIURPPRGHOWHVWVDUHSUHVHQWHGLQWKLVVHFWLRQ ? ?
7KHUHDUHQRHLJKWVKDSHGWUDMHFWRULHVREVHUYHGDVWKRVHW\SLFDOO\SUHVHQWHGLQWKH9,0RIVSDU ? ?
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DQG PRQRFROXPQ SODWIRUPV7KH9,0 UHVSRQVHV RI WKH VHPLVXEPHUVLEOHV DQG WKH IRXUFROXPQ ?
VWUXFWXUHRFFXUSULPDULO\DORQJRQHRIWKHKXOOGLDJRQDOVIRUWKHLQFLGHQFH)LJV7KH ?
RYHUDOOGUDJRQWKHVWUXFWXUHVLQFUHDVHGDVWKHUHGXFHGYHORFLW\EHFDPHODUJHUZKLFKUHVXOWHGLQWKH ?
LQFUHDVHGRIIVHW,QWKHV\QFKURQL]DWLRQUHJLRQWKHORFNLQSKHQRPHQRQZLWKSURQRXQFHGWUDQVYHUVH ?
DPSOLWXGHV LV REVHUYHG IRU DOO FRQILJXUDWLRQV 7KH IRXUFROXPQ VWUXFWXUH VKRZV WKH ODUJHVW ?
DPSOLWXGHV RI PRWLRQ LQ WKH WUDQVYHUVH GLUHFWLRQ DQG WKH WUDQVYHUVH UHVSRQVHV IRU WZR VHPL ?
VXEPHUVLEOHV DUH RI VLPLODU PDJQLWXGH +RZHYHU WKH LQOLQH UHVSRQVHV RI WKH ''6 ZLWK WZR ?
SRQWRRQVDUHPRUHVLJQLILFDQWLQWKLVUDQJHDQGWKHWUDMHFWRU\LVPRUHOLNHDFRFRRQ)LJ ?
0RUHRYHUWKHUHVSRQVHRIWKH''6ZLWKIRXUSRQWRRQVLVOLPLWHGDW ௥ܷ ൑ ͶEXWWKHUHVSRQVHVRI ?
WKHRWKHUWZRFRQILJXUDWLRQVDUHQRWLFHDEOHDWWKHVDPHUDQJHRI ௥ܷHVSHFLDOO\IRUWKHIRXUFROXPQ ? ?
VWUXFWXUH7KLVLPSOLHVWKDWWKHSUHVHQFHRISRQWRRQVGHOD\VWKHRQVHWRI9,0WRDKLJKHUUHGXFHG ? ?
YHORFLW\ ? ?
7KHPRWLRQVRIVHPLVXEPHUVLEOHVDQGWKHIRXUFROXPQVWUXFWXUHDSSHDUPRUHUDQGRPIRUSRVW ? ?
ORFNLQFRQGLWLRQVLHKLJKHU ௥ܷ,WLVZRUWKQRWLQJWKDWWKHPDJQLWXGHRIWKHLQOLQHUHVSRQVHLV ? ?
DVSURQRXQFHGDVWKHWUDQVYHUVHFRPSRQHQWDW WKHKLJKHVW ௥ܷ WHVWHGIRUDOO WKUHHFRQILJXUDWLRQV ? ?
)RUWKHGHVLJQRIWKHVHPLVXEPHUVLEOHLWZRXOGEHSUXGHQWWRWDNHWKHLQOLQHDQGWUDQVYHUVHHIIHFWV ? ?
LQWRFRQVLGHUDWLRQ7KHGLIIHUHQFHVEHWZHHQ WKH UHVSRQVHVRI DOO FRQILJXUDWLRQVDUHPRUHRU OHVV ? ?
REYLRXVRZLQJWRWKHH[LVWHQFHRISRQWRRQV ? ?
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